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erectronfc Devices 

Field of f he Inyeiitlon 

5 The present InvenHon concerns irnprpvernente In and relailFig to 

erectroruminasGent (EL) devices such ^ Onganic Light Emitting Diode? (OLEDs). 

Backgraund tiff h8 Invention 

OLEDs and optoefdctronic devices being developed for in flat pane4 dteptays 

10 as altsmafived to existing tedinplo^es such as ttie cathode ray tut^e and ^iqufd ciystel 
displays. OL^Ds have the potenitaF to offer numerous advantages Including being 
Ifghtweight and non-bulky, low powered, wide viev^ng angled, ^pncabte to faige display 
areas and cheaper to manufecture. 

An QLEP device comprises an organic etectrolumlnesoent (EL) layer locatsd 

15 between tMro etectrodes, Al least one of the eiectnsdes Is transparent to ^Icw 
transmfsston of fight from the EL layer. In operation, when a voltage is i^pptied Sacru^ 
t]ie device via the etedrodes. hqles ana Injected Into one dde of the EL layer frdrji orie 
electrode (the anode) and electrons are Injected into the other sfds trom the other 
electrode (the cathode)* The hol^s and electrons move thnDugh the EL layer In opjjoslte 

20 diret;rf:lons under the applfed voltage until they meet and recomblne to form an ??£dtBd 
sjsate which subsequent^ decays with the emission of light 

Holes should effectively transfer fttm the anode into the highest ocibl^pied 
molecular orbfl^I (HQIMO) energy level of the EL layer, dimffarly* elections sheufd 
effiectlyely transfer from the cathode into Ihe lowe$(: unoccupied molecular ort>itsiI (liuMO) 

25 energy level of the EL layer. Unfortunately, the vvorkfunction of the anodes often 'diffete 
Ifom the HOMO level of the EL layer. The same problem also exists betweeh this 
cathode and the LUMO level of the EL layer, in practice, since the relevant electronic 
energy levels of the anode and cathode are often not Ideally matehed the hl^he$t 
occupi^ molecMlar oibttol (HOiMO) and lowest unoccupied molecular orbital {LIJMQ} 

30 respectivery of the organic ^L material, it is usual to modify the basic OLED stnjchire to 
Improve energy level maldiing and thus fmprove hole and/or electron NecHon effi<fiency. 
A extensively emptoyed method Is to use between the EL layer and the anode ahd/br 
cathode respsJStlvely an additional organic fayen These additional layers are cpmlrrionly 
refenied to as a hole [njedlon layer (HIL) and an electron Injection layer (EIL). The HIL 

35 andtor €IL Improve matching of the energy levels, thus improving efficiency of the device. . 
In addition, the HIL end EIL may serve other purposes such as electron biocfclr® and 
hole blocMng ro$pec4;tveiy (i.e. the HIL or BL aro eadi one type Zona dirBdior> c^tnler 
transport materials). It ihas become typical to employ as HIL on the anode a fay^rt of 9 
conducting organic materfal; such as pdlyanDlnB (PAnl) or polyethytenedioxythtojjhenfe 

40 (PEDDT). 
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It fs not uncommon to find device employing one or more further organip layers 
between the HIL and/or 6IL respecHvefy and the EL teyer to adti&rB even ftrrttjer 
enhanced matching of energy leveb and this still higher operating emclency. lt\& furtHer 
organic iayens between the HIL, or EIL and the EL layer aie temied hole transpoit' layers 
(HTLs) and electron transport layers (ETLs) respectively to differentiate ihem torn the 
HIL or EIL which directly contact the anode or cathode respectively. Such tentmology is 
used herein, A prior art device stnocture Is shown schemaflcafly in Rgun& 1 , 

Despfte the above developments In EL devlqss which has occurred over recent 
years. In many aspects there stin remains a need for Improvement The pfe$enf frfk^entlon 
Is CDncerried with Improvements relating to ongardc layei? in EL devices partlcuteiily, but 
not exdusfvBly. in HILs and HTLs, 

fn connectiDi^ with HILs and HTLs,. examples of areas where performance coiild 
be improved mdude high efficiency, low drive voltage, transparency, coatabilf^y. ch^Ic^l 
stability and Iffetlme. Moreover, present device structures consisting of mulSple HIL and 
HTLs -malce m^nufiacture complex and costly. It would be desirable to achieve sfmhar or 
improved perfonpanoe using a sjr^le layer in place of the pnssent multiple layers. 

-Objede pf the friventton Include Tedudt\Q or overcoming one or more of theishwe 
probtenns of the pripr art Further objects of the inverrifon vriU be apparent finqoi the 
following description. 

The Invention Is based on the finding that certafn polyarylamineSp fn paiUcular 
polytriaiyIan]in9$. can offer significant advantages when used In organic iayecs In ^L 
devices. 

PriorArt 

The use of arylamlna compounds as HTLs for OLEDs has been cflsclosed !» £P p 
721 935 (Idemhsu Kosan), but polymers of arylamlnes are not disclosed. Film Itenming 
using these ^all molecule aiylamtne HTLs Is not always satisfactory, Typfcalfyr vapour 
deposition is used for these types of molecules, but such a process Fs very sensitive fp 
substrate temperature and d^osltton nafe fn order to ensure amorphous strugtUile. jn 
addition, the relatively low glass transition temperature (Tg) of small molemdis ar)4^pnni^ 
HTLs teeds to fnslablllty. Large (e.g. starburst) erytamines (see tor exampl^ Wq> 
S8/02018 have teen developed, partially resoMng the Issue of Tg* but still rfequlr^ 
complicated vapour deposition process. Also, such mofeoules have Inferior hoje mobility.' 

The use of polyarylamine materials as HILs or HTLs for OLEDs has iJeen 
disclosed by Dow Chsmlcai Company, see ibr Instance US 5J28,801 , EP 0 S27 3SS aru? 
WO 99/54943, ffowever, the hole mobility and general film ItomiIng properti^ of ^these 
particular polyerylamlne mater [els« as well as the general efficiency of devices mad^ 
therefrom. couM be Improved upon. 

In another Dow patent, US 6,309,753. there ara dfsclosed EL devices In whicli. 
copolymers of fiuorene and arylamine are used fn one of the layers, it is abo dlsd'^ised. 
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that the coptriymer may bs mixed wfth another poJymer whldi oan be «n eaylomm 
copolymer. The use of 1h.e polyfluorene^aryiamlne copolymers ia In hi^e transport layeifs, 
EL layers, or the blending of difi^ent copolymei^ mey achieve transport end luminescent 
fonctions In a ^ngle layer. Hov»ever» Ihe document does not suggest the use or'10p% 
5 arylamine layers. 

In general, the prior art uses of pc^ryiemlnes tail to solve Important Is^Jjes "of 
device ciuallty, In particular, lifetime and lumfnescence efliolenq^. 

Statement of ihe Invenfion 

10 According to ma present invention there Is provided an electrciuminesoent devf^ 

having en anode, a cathode and on© or more organic layers befiweai said anode and 
sakf cathode, at least one of said organic layers comprising an pf^n>c 
sleclTOlumlnesc^nt material, wherein at least one bf said onganlc layers comprtse? a 
polymeric materia! ha\flng repeat unite of Fonnula 1: 

15 

Fonnula 1: 



wherein; 

20 y represents. Independently If In different repeat units, N, P, S, As and/Qr Se. 

preferably N ; 

Ar^ and Ar^ are aromatic gnsups and AT* is present only if Y' Is ti, P. o^ As in 
whioh case it ttfO is an aromatic gnoup; vrtwem Ar' and Ar^ are t|)e same or drfferent and 
represent. Independently If in dlffenant repeat units, a multivalent {preferably biyalani) 

25 aromatic group (preferaWy mononuclear but opBonaiJy poiynudear) opfionally sub4tltutBd 
by at least one qptksnally substituted Ci-»o carbyl-derived groups and/or at least one other 
opUonal substitgarrt end At^ represents, indepandently if in different repeat wwts, a mono 
or multivalent (prefferably bivalent) aromatic group (preferably mononuclear but optidtralfy 
polynuclear) optionally substituted by at least one optionally substituted Ci-jo ^:^rbyl^ 

30 derived group and/or at least one other opttonal substauent 

In use, when a voltage Is applied betwreen the anode and the cathode, hol^ are 
injected into the layer adjacent the anode and electrons are ir^ected ln|o the -layer 
adlaoent the cathode, whereby light is emitted from the at least one layer cc>mprlslhg the 
electroluminesoent material. 

35 



. \ J 
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I>etalle<i Dddcrlptlon of the Inv^nfFon 

The EL device Is prefarably an OUED. At [east one of the anode or cathode Is 
transparent 

The device may comprise only one organic layer In which case the onganjc l^r 
S comprising lihe polymeric material of the invention is the same layef as -ttie layer 
convrlaing the EL matertaL Typically, the device comprises two or more organic layers, 
wherein the organic layer comprising the polyin^ric material of the invention 1$ difl^rent to 
the layer comprteing the EL materlaL The at least one organic layer comprising ihs 
polymario material has been found to be exeelrent for fenning a hole injedfon iay^r (HIL) 
10 and/or hole transport Jayer (HTL), Le. separate from the EL layer and located between 
the EL layer and the anode. 

The arrow extending from Ar' in Fonnula 1 is Intended to Indicate that the grpup 
may be monovalent or multivalent. If the group is monovalent the arrow denotes a bond 
to a Bultabie terminal group such as hydrogen or another substlluent which fs ineit to 
15 coupling under the eondltFons of polymerisation (e.g. alkyi or finyl). If the grbup is 
multivalent (e.g. bivalent) the .arrow denotes a bond to enother repeat unit (li^- ^ 
pob'mer diain |s branch^ and/or crose-linked). 

The . polymer may have any chain lemiinatlng groups, for exampfe, any leaving 
groups used In a polymerisation process by which the polymer is made, or end eappfcig 
20 groups. 

WO 99/32^37 is a patent application of the applicants which describes polymere 
which have repeat units of Formula 1 and methods for their production, in thsr{ p^nt 
appficalion. polymers of this type are prBF»red by the addition of an end capping r^ag^nt 
to control Ehe molecular weight of the final polymer and hence its desirable pn^p^fea as 

25 a charge transport material. Meierials disclosed In that patent application may be ■useful 
as materials in the present Invention. Accordingly, the <»nterrts of that patent application 
are Incorporateri herein by reference. Therefore, optionally, at least one terminal group, la 
attached in the polymerto the Ar\ Ar^ and optfonellyAr* groups located at the enqi'of the 
polymer chains, so aa to cap the polymer cheine and prevent furither polymer growth, and 

30 at least one terminal group, is derived fnm at least one end capping reagent ueediin the 
polymerfsation {:o form said polymerio material to control the molwular w«ght then^. * 

WO 00/78843 Is another patent application of the applicant which describes 
polymers which have repeat units of Fonnula 1. In that patent application, the polymer 'is 
prepared by isolating a molecular virelght fraction from a starting polymeric materirf which 

35 hae repeat urwts of Formula 1 . The polymerio molecular weight fractions disclosed Sdherein 
may also be useful ae materiale in the pressnt invention. Accordingly, the contents of that 
patant application are incorpordted herein by refsrence. 

Examples of further preferred polytriarylamine, which preferably ai? substituted 
by at least one optionally substituted long chain, linear, branched or oyoljo carbyhSerlved 
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group, i.e. Ce or higher, preferably dn optlonany substHuted alkyi pr a\k<m group or 
higher* ara given by formulae 2 end 3: 





Formula 2 



Formula 3 



The number of repeat units of Fomr)ula 1 whiph may be present per molppute in 
the fnventton (and which can ateo be denoted by the integer 'n' herein) may be from 2 to 
20,000, preferably^ 3 to 10,000, more preferably 4 to 1,000« still more preferably, Slo 900 

10 and most prefprafaty 6 to 100. 

The polymerip material with Formula 1 Is preferably substituted by at tesist one 
optionally Substituted long chain, linear, branched or cyclic carbyl-dertved group, j,a. iCq 
or higher, preferably an optionally substituted hydrocarbyl, most preferably ^ikyi or 
alkoxy, group or higher. The groups Ar\ Ar^ and Ar^ independent^ are preferably 

15 substituted by the at least one optionally substituted ion^ chain, linear, branched or cytijic 
parbyl-derlved group, i.e. or hlgh^, preferably an optfohally Substituted alkyI or alKppcy 
gn>up Ca or higher. This substitution has surprisfngly been found to enhantse -film 
formation. For example, the material can readily fbmi thldt films, which, 4noreov?r, fine 
stable and have a long llfeiiim- 

20 The polymeric material of the Invention (i.e. with Formula 1) h pr^srably 

polydisperse. Preferably, Wtw/Mn Is less than 20, more preferably less th&n 1-0. 
Preferably the polydlsper^ity is from 1.1 to 6. More preferably, the polydispprslty Is from 
1,1 to 3. 

Acb^antageou^, the polymeric material of the present rnvrention exhibits the 
25 following properties: high carrier mobility, oompaUbiifty with banders, improved sdjiibiilfy* 
high durabiiily and/or high resistivity undoped. The polymeric tmaterlai Is highly effective 
for use in EL devices- It has superior film forming properties, particularly wheij n ils 
greater than 7 and the polyniers are substituted wflh one or more optlonaDy 6ub$^itutsd 
long chain, linear, brancb^J or Cycflc carbyl-derived groups (pnsferabiy alkyI or qlkoy), 
30 Le.Ce or longer. 
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The polymeric material of the invention rmy. be ussd either ad a pEire pd^eHc 
material or as &n admixture of the polymeric material with one or more olfier p6]ymeric 
or monomeric materfate having dHferent etectrfcaj and/or phyfiiJial properties. 

Advantageously, the polymeric material may be easily and cheaply deposited pn 
5 tfie device since the material Is Bofutlon coatable. Le. it may be nsadily deposltbcl fhm 
€olutfpn. Prefenablyp the polymeric material Is applied by a solution coating tsdHnlque. 
Preferably, tfie material Is lafd down In a film fomi. The mai^f may be Idid dolnhi irf a 
■film fbnin, which can b6 opflonally patterned or sirucbired, by a variety pf coating or 
printing techniques fnduding, but not limited to, dip cMtfng, roller coating, reveiisB ilpll 
10 cDsttng, bar roating. spin ooafing, gravure coating, lithographic coating 0nclinJlng 
photolithographic pn^cesses), Inkjet coating (Including continuous and dnDp-on-d^mand, 
and fired by p!e^o or themial processes), screen coating, spray coating and web GcfeiBpg- 
In fabrication of a device acoonding to the Invention, other than a sehcalle^ '"top- 
emfsslon device' described separately below, the layer comprising the polymeric i|nater)al 
IS of the invention may te solution coated onto the anode or onto b separate HIL provided 
by known means on the anode, followed l^y deposition of subsequent layers, indudfng 
the EL layer, by sofutlon coaling or by conventional vapour deposition. 

AocordinQ to another aspect of the invention, ther^ is provided a method pf 
Ipmnlng tiie etectroluminescent device, which method comprises depositing fi}om;a 
20 solution the layer comprising the polymeric material. Optionally, the method ^iirthpr 
comprises depc^itfng at least one other layerr e.g. the EL layer, by rapour deppslBon pr 
deposition from solution. 

As mentioned above, the polymeric material of the present Invention has iboth 
excellent film fonrklng ability and high mobility. Preferablyp the material is applied jaft high 
25 thickness, preferably greater than 40 nm, more preferably greater than 90 nm» stijl. mote 
preiierably greater than 100 nm. and most pr^enably greater thsn 200 nm, and preiiierabV 
up to 600 nm, whilst still achieving high yield* Suc^ thick layers have bden lotlnd jto 
pnQVlde numerous advantages, for e)eamp1e, enhanced device lifetime, leprodu'dlbni^, 
yield and lumlngscpnce. Without jjeing bound by any theory^ It Is believed Ihart sutiH thidb 
30 layers improve the device yield by making the structure less sensitive to sujastraje 
defects. The thick layer yields parHcuJar improvement when the layer is coated dfrecHy 
onto an indium tin oxide (ITO) anode as It is believed that It helps to ^Dmin^fe tfje 
roughness of ITO better than cpnvenilonal injection layers such as PAni or PEDOT. tit 
has been fburid fhat thick layers fbrmed the polymeric material of the inydntipn 
35 fmpnsve device fifefime. Again, without being bound by any theory, it Is beljeved tta^ this 
Is also due to reducing the effects of surface defects, in particular, the thick layer m^y 
reduce shorting effects and local spots at the electrode, thereby Increasing the lifetihie of 
the EL layer. The material has been found to be particulariy useful In this rpgard i^t bjue 
emitting EL materials. 
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The polymeric material preferabfy has a hole mobHHy greater than 10"* pmV^e"\ 
whlcf^ l3 an enabling factor in the fabrication of such thick fayers. The high roobiW^ofmQ 
polymerto material used In the present Invention also enables the drive voltage tp bfe kept 
relatively low for hfgh lumfnescent efRolencies. The high hole mobility of the pofymarlc 
5 materia} of the Invention means ftat the potantial cfnsp across the layer comprteffig tliie 
material can be very enrall. Conventfonal PAnl or PEDOT Injection layers i^iM Itiw 
conductivHy tp avonjj "axssstall^ between neighbouring pixels in display d&Mc^. 
However, a thicK layer of the polymeric material of the invention can effecBve|y perTomi 
this function due to its unipolar natun^. 
10 The polymetic material of the Invention advantageously also enahtes a; hfgh 

quality ohmic Interface between the material and the anode, a.g„ an ITO anode. This ip 
turn yields Improvemants In device lifetime since non-ohmic contact fe thought in part 
be nssponelble for hot spols due to bcalFsed bund' up of electric llsid at th» ahod^ 
nssulthg in break down of the adjacent Ir^ecGon layer. It hae not previously ibeen easy to 
15 find appropriate hole transport materials that allow for an ohmIc contact ft has previously 
been tried to employ doped transport layens. However, thfe sudt doping I? dlfflcfiilt to 
implement 1n a real manufacturing process and attractive lifeSme has not yet t>eer?i 
demonstrated, , 

ITO Is a highly preferred anode rraterfal due to its fransparency, Wgh ijonduptivily 
20 and availability on glass or polymer substrates. ITO has a workfLinctlon between 4.&<5 
eV. In a preien-ed embodiment the poiymeric nmaterial has an lonlsatlon potential close tq 
this value» for e?^ample 4.8^5.2 eV. Thus, holes can be traded Into the prganlc^l^yep 
comprising the fiolyrTieiic material tinhlndened, i 
Convantionalty. materials such as PAnl or PEDOT are used for the rote of the 
25 HIL A separartB HTL Is typically employed between the PAni or PEDOT layer and tH4 BlJ 
layer. We have found that the polymeric material of the Invention can effectively perfpnn^ 
both the injection function of the PAnl or PEDOT and the role of the separate HTL due to; 
Its matchiifig lonlsatfon potenfial and excellent euriaoe revelling ebilHy when coated in a* 
thick layer, e.g. from a solution. Thus. In one advantageous eRibodlment, the invention | 
30 provides a HIL comprising the polymeric material, Le. without need for, e.g,, dr. 
PEDOT. In a further advantageous embodiment, the tnvenfion provides an EL devrce Tn 
which there is only one onganfc layer between the anode and the (organic) lEt layer as * 
shown In Rgure 2. This single organic layer (HIL) comprising the polymeric materiar 
between the anode and the EL layer greatly stmplrfpes the device and processlrig theiisof : 
35 compared witfi the prior art device structure shown in Rgure 1. In addition, there is no 1 • 
loss of efficiency; Indeed, efficiency in many cases is Improved. This solves the pn^tem 
in the prior art of needing multiple origanfc layers (HIL, HTLs etc). : 
It will be appreciated that other embodiments may exist: wherein, IE dc(slred,! : 
polymeric material of the invention may be used with a separate HiL» e^. compri^tng 
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PAni or PEDOT, whUst providing benefits. Thus, in another embodjm^ht. ih© 
Invention provfdes a HTU comprising the polymeric material, 

in another embodiment, there may be a HiL compilsing iha polytneWo mat^riaf of 
the Invention end, in ;addftion. one or more HTU(e> comprising the pdymerfo materiel' of 
5 the invenOon, tfi^ polymeric material In each of the HIL and HTL(s} being indepdrider^Iy 
optimised in tenne of Rs ionlsatlon potential, e.Q., for matching to the anode and EI^ layler 
respectively. 

A compiosiHon comprising a blend of two or mora diffetent po^eric majsri^te 
according to the invention may be used. 

10 The polymeric nwtertet of the InvenUon. when used in plaea of cjsrtsfin 

conventional device materials, e.a. PAnl or PEDOT, can ylekJ Imprevemeate jn 
irensparency arid colour rendition, especially with blue emitting EL devices. This fs <(ue p 
the polymeric material being substantially transparent or "white". The polymeric rri^teri^I 
is also substantially, preferably totally, amorphous. In contrast to a conventional material 

15 such as PAnl. 

It has been found that the polymeric material of ttne invenljon Is better at blocking 

electrons then conventional materials, e.g. PAnt or PEDOT, thus teadlfid tP 

Improvements in dewfoe efficiency. 

The polymeric material of the Invention has been found to be more chemically 
20 stable than conventional HIL material such as PAnl or PEDOT. Conventional PAfif and 

PEDOT material? ft»r ©cample are acid doped and possess counterrlons which, witfr time, 

migrate Into adjacent laysra and cause a deterioration in device peritormance. The 

polymeric material of the Invention, however, does not need courtfcer-lons, thu? 

eliminating the problem. This is partlculariy advantageously for triplet emitting ctevlcee 
25 The polymeric materials of the Invention have a relatlveJy Wgh fllass transltIor| 

temperature (Tg). which leads to Improved stablHly. ; 
The polymeric material may be used in conjunction with a binder resin to fartheF 

Improve flfm fbrmatlon and/or adjust viscosity for improving solution coatabllity. The; 

binder may also be optionally crossilnked for Improved stack integrity of layers as 
30 described In more detail below. A binder is prefened for an EL device whetaln all of the 

organic layers are solutlorv coated. . 

Prefenad binders are electrical Insulators. Preferred binders Indude. wijhout 

llmHation. at least one of polyamlde. polyur«fhane, polyether. polyester, epoxy res^n,; 

polyketone. polyoarironate, polysulphone. vinyl polymer (for example polyvlnylkBtone 
3S and/or polyvlnylbutyral). polystyi^e. polyacrylamide, copolymers theretrf (such as- 

aromatic copolymeric polycartjonate polyesters) andAir mixtures thereof. 

Those binders disclosed in the patent epplicatlon WO 99/32537 of the appllpant, . 

particularly at pages 24 and 25 of that epplicatlon as published, are useful for the preaent. 

invention and that dlsdosure is incorporated herein by reference. In addWon. thpse; 
40 binders claimed In and described In the patent application WO 02/45184 of the appBcant. 
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partrcubrFjr at p^ses a, 4. 8-1i pf that application as published, rndudiTTg those if^ied in 
Tables 1 and 2 tfierein, are useftjt for the present Inventfon and fhrt dlscjpajft al$o 
incorpomted hensln by referiencd 

To Improve stack Integrity between th© layer comprfefng the polymeric nfi&teilal 
5 arrd adjacent J^yers, the layer comprising the polymeric materfal oplronally be 
crc^slinked. The ciKJsslfnkIng may be achieved by crosslinking of the polymeric materfal, 
B.g. by means of a crossUnkabte functionallly In the polymer, and/or by crospllnking of thp 
binder rasfnwher<ipiesent.fcrerampte as d^ fn WO02y45ie4, 

Advantageotisly, the polymeric material of the Inventfon ppovlctes rout^ to' nov^ 
10 devioe structuree by enabling depositing of the tnansp^ient electrode on top ibf an DLEp 
stack tor a 'top emission device" prefeHred In some active matrix display conflguratlQrjs fcir 
increased luminance and TBSoIuKon. It Is very desirabfe for the deposition 6^" the 
transp^psnt top elec^trode to use fast processes such 33 sputtering. For example for 
depositing ITO. However, these processes are likely to damage the vulnscable actfvje 
IS organic layers due to the high kinelio energy of the parlfci^ depositee]. A thick iholj^ 
tiansport layer fbr example, fbrmed by the polymeric material of the inyentton, pnjvlde^ 
protedti£»i and Oius allows for a nabust and commen:dat1y viable manufigicturlng pri^ess 
(hlgli yield) without affiac&ng the device perttamianc© (efficiency, driving voltage. lifetlrrieX* 
The term 'carbyWerived' as used herein denotes any monovalent or multhhaiei^^ 
20 organic radical mofely which compri5e3 at least on© carbon atom elttner without any hon-r 
carfccri atoms (e.g- -CsO). or optionally combined with at least one other. non-<:^ri)oni 
atom (e-g, alko>Q^, carbonyJ etc.X The nonnaariwn aliom{s) may comprise any eternent^ 
other than carbon including any diemicaHy pc®sible mixtures or oomWnatfcjne ttierieol) 
that together wHh carbon can comprise an organic radical moie<y. Preferably the: lijonr' 
25 cari&on atom fs selected from at least one hydrogen and/or Ineteroatonn. mora pnsfer^bly 
from at least one: hydrogen, phosphorus, halo, nfirogen. oxygen and/or sulphur, nfiost 
preferably from at least one hydrogen, nitrogen, oxygen and/or sulphur. Carbyl-denved. 
groups include ajl chemically possible combinations In the same group of a plurafity. 
{preferably two) off the afbremenBoned carbon and/or nori-carbon atom conlalfaing; 
30 mol0ties (e-g. alkopcy and cartoonyl if directly attached to each ottier raprBserit an; 
aikoxycarbonyl ladlcal}, 

TlirougbQUt the description and claims of this spedfication, the worde "comprfse'^l 
and "contain" and variations of ttie wortte, for example ""comprising" and "comprises^- 
mean "including but not llmitsd to\ and are not Intended to (and da not) exclude 6fher\ 
35 components. 

It will be ajSpredaled tfiat variations to theltoregDlng embo<fiments of "Oi^ Invefttlon • 
can be made while atfll i&llfng within the scope of the invention. Ea<*t feature disctosfed In : 
this spedflcatton, unless stated ottierwtee, may be replaced by aitemattve featifres. 
servihg the samei equivalent or similar purpose. Thus, unless stated othenvlse, e&ch 
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feature diadosed to one exampte onfy of b generfc series of equlvafert or simtfar 

Alf of the features dfsofosed in this specfficatton may Db combined ih any 
combination, ^cept combinations where at least some of such features andibf steps ai« 
5 miifualfy e«:Iusfve. In particuJar. the pi^fen^d features of the Invention are appncfJw^ to 
all a^e^ Of the Invention and may be used in any combination. UkewJse. ffey™ 
described in noive^senltel comblnatlona may be used separately (not fn combination) 

rt will be appieclatad thai many of the features descdbed above, pattiouiariy of 
the prefensd embodiments, are Inwnthre In their own ifeht and nrt 
10 embodiment of the present Invention, Independent pruteclton may be sought for %hese 
features fn addition to oraKemallv© to any Invention presently claimed. 



15 
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1 p An elecm)lumlneso0nt device having an anode and a cathode, one of which Is 
transparent ^nd one or mona or]ganIc layer? hatween said anode and said ca^iodb, 
at least one of ^id organic layers comprising an organic eiectrolumlnascent mdterfal. 
wherein at least one of said organic layers comprise a poiymaric niatarlal ihavirig 
repeat units of Formula 1 : 

Formula 1: ' 



10 



-Aril T^Ai^-- 

L r J 



wherein: 

f^pre^nts. Independently if in different repeat unite, ist, P. St As &Mfp^ Se^ 
15 preferatily N ; 

Ar^ and Ar^ are aromatic groups aild Ar^ Is present only If is? P, or As 
which case it too la an aromate group; wherein Ar"* and Ar^ are She sams ot 
diffluent and represent, independenlly if in different repeat units* a niuMValent 
{preferably biNnalent) aromatic group (preienably mononuclear but optfbhatty 
20 polynudear) optionally substituted by at least one optionally substituted Pi^A 

Mrtsyi-dertved groups and/or at least one other cptfonal substltuent; and Ar^ 
represents, independently if In different repeat units, a mono or .multivalent^ 
(preferably bivalent) aronrratlc group (preferably mononudear but optiohaBj/ 
polynudear) optionally substituted by at leaet one opUonafly subsfitutad 
25 cariTyi'^erfved group arvdtor at least one other optional substituent. 

2. An etectpolumlnescerrt device as daimed In ciafiti 1 wherein the numberof 
repeat uniis of Fomiula 1 whi<^ is present per molecule Is fmm 2 to 20,000, 

30 3. An eleplrolumlnescent device as claimed in claim 1 or 2 wherein tiae 

potymeric materia) fs aubstttuted by at least one ppfionally subsfrtuted long' cliain,; 
linearp brandied or cyclic carbykierfved group, which Is or higher, 

• 

4. An eledroluminsscent device as daimed in daim 3 wher^n tfie at 
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i feast one optrons^fly subsiiM^cl long dh&\r\, linear, branched or q/dic c^rbyl-fHeriv^d 

group cDTTig^fides an alkyl or alkoxy group. 

5. An dfectrolLiminescent devloe as claimed in any one of the preceding dafme ^ 
5 wherein ihe polymeria materfal ie polydlsperse. 

6. An elecIrDluminescenl device as claimed In any one of the preceding 
claims wh$re!n the device comprises only one organic layer such that the ofganic 
layer <»mprE5ing the po^eric material is the same layer as the layer cdmpris^Ag ISto 

10 electroluminescent matertah 

7. An ejeciroluminesGent device as claimed in any dne cf dalms 1 ta 5 
whensin the devi<£ comprises two or more organic layers, the at least one organic 
teyer conrrprising the polymeric material being separate from the at least one qrgarto 

15 layer comprising the electroluminescent material anc$ being located between thiS layfer 
comprising the electroluminescent material and the anode, 

S. An electroluminescent device as dafmed In any one of the preceding clafms : 
wherein the polymeric materia Is used as an admixtuns of the polymerfo m^Hai wjth 
20 one or more other polymeric or monomeric materials having drflferent elecfrfcpl i^nd/or 
physical propertes* 

S. An GlectralumlnBScenf device as claimed in daim 8 wherein the adrrriyhjl^ , 
comprtees a blend of two or more of the polymeric materials claimed In dalm 1 . 

25 ; 

10. An elediroluminesGent device as claimed In any one of the preceding cldfriis ' 
wherein the polymeric nnaterial has been deposited Irom solutfon. 

11. An electroluminescent device as claimed In any one of the precejdlng 
30 claims wherein the jpq\ym&np materia! has been applied by a coating or p^t3n;g 

technique selected from tfie folfowlng gnDup: dip coating, roller coaling, rever^^ rdll 
coatbigt bar coating, spin ooatfng, gravure coating, lithogrephic coating (including 
photoltthognaphic precises), ink Jet coating (including continuous and drpt>ai> 
demand, an^ fired t^y plezo or thermal processes), screen coatingf spray coatlrh^ dnipl 
35 web coating. 

1Z An electrelumfnescent device as claimed tn any one of the preceding 
claims whenein the thickness of the layer comprising the polymeric material is ^i^ater 
tfian 40 nm. 
40 . 
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13. An eaectrolumlnescent device as claimed fn claim 12 wherein the thiokri^ j?r 
the layer ooni^telns the polyrneric matBiial Is greater than €0 nm, 

14. An eJeofnslumlnescent device a& claimed In claim 13 wtfiereln ttie thlcArS^ <?f 
5 the layercoiTflsrialngthepolymeriomaterial Is greater than 100 ron. 

15. ' An ele<*oluirmiescent device as cdatmed lndafm 14 wherein the thft^^ 
the layer cpmprising the polymeric matalal Is greater than 200 nm. 

I 

10 18. An electroluminescent device as claimed In any one cf claims 12 to IB ; 
wherein the thickness of the layer comprising th© polymeric material Is up to 50Q nnr. 

17. An eli^stroJuirfrtescartt device es claimed In any one of the pre«;jeding dalme t 
wherein Uie polymeric material has a hole moblKty greater than 10^ cmVV. 

15 ; 
ia. An electroluminescent device as datmfid In anyone of the preceding daims ' 
wherein th$ polymeric material forms.an ohmic interface with the anode, i 

1^ An fileetrolidTiInesoent device SB claimed In any oneof theprepeding clahis , 
20 wherein th^ pnode comjateeS an oxide of indium and tin (ITO) 

20. An electroluminescent device as claimed In claim 19 wherein the polym^rio ; 
material has an tonlsatton potential fn the range 4.8 - 5.2 eV. : 

25 21 . An ele(aroluTrinescent devlc» as claimed In any one of ttie preceding oMme 
wherein the layj^r oomprisli^ the polymeric material is Ih direct contact With tHe 
anode^ 

2Z An electroluminescent device as claimed in dalm 21 wherein the Igyer 
30 comprising. the polymeric material Is the only organic layer between the anode an?! 
the layer oompitelng the dectroluminescent material. 

23. An elBctrolumlnescenl device as claimed m any one of the preceding cMltns . 
wherein the polymeric material Is mixed In a Under resin. 



35 



24. An elpbtrotumlnescent device as claimed In any one of the preceding 
claims wherein the binder resin is selected from the groyp: polyamide, polyurelftane. 
polyether. polyester, epoxy fesfn, polyketona. poiycariMnate. polyBulphpna|.- vinyl 
polymer, polystynene. polyacrylamlde, copolymers ttiereof and/or mtx^Mres thereqf. , 



40 
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25. An ©lectroluiYifnescent device as claimed In any one of frie preceding claim? : 
whetsin the layer TOmprlsing the polymeric material crossHnked, 

26. An electrohiminescefil dsNnbe as dalmed In cblm 25 wherefn the layer fi? ' 
5 crosslinked by cTDSslfnldng of Vn^ pqiymerfc matertel and/or by at)8sitnklng (rf ^ 

binder resla . . 

27. An electroluminescent device as claimed In any one of Wpraoedlng dafms 
wherein th6 slecf roluminesc^nt maisrial. In use, emits blue light 

10 . 
2& An eledtrolumlnescent device as dalmad tn any one c/fHtre preceding 
eiaim& which is a top emission device wheneln ttie transparent electrode ts depbsitdd 
aft^the layer comprising the polymeric material, [ 

IS 29. A method of fomiing an eledtrolumlhescent device as dalmed In any orte 

of "Bie preceding claims comprising depositing from a solution the layiar oomprislmg 
th6 polymeric material 

3a A method of forming an decbolumlnesc^t d$v[o$ as; tsfalmed in cSafm 29 '* 
20 further cornprislns depositing^ least one other layer by vapour depo^ i 

31. An electrxDluminescenl device substendally as herein described. 

32. A method of forming an electroluminescent device substantially as hierv^ln 
25 described. 
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